CHAPTER 6
Trigonometric Functions

Getting Started, p. 3
1.a) 28°
b) 360° — 28° = 332°

2.a) Y
Coi4

Side opposite: —4
Side adjacent: 3
Hypotenuse: k> = 3* + 4

2=25
h=25 ~
. 4 3 4
sxn(}a—g,cos{?wg,tanemwg,
6= > 6—5 g = 3
cscf = 4,sec —3cot =
et
b) 6 = sin ( 5)
= 307°

The principal angle is 360° — 53° = 307°
3. a) AY

60° X
0
V'3
sin 60° =
2
b) AY
180° x
8
0

{
tan 1807 = T) =0
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C) y
60° X
0
3
sin 120° = -\/~_~
2
d) Ny
X
01860°
cos 300° = -1—
2
e) y
45° 3 EX

1
csc 270° = —— = —1

4. a) Since cosine is positive in the first and fourth
quadrants, ¢ = 60°, 300°

b) Since tangent is positive in the first and third
quadrants, § = 30°, 210°

¢) Since tangent is positive in the first and third
quadrants, § = 457, 225°

d) Cosine equals — L at g = [80°
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e) Cotangent equals —1 at 8 = 135°,315°
f) Sine equals 1 at 8 = 90°

5. a) 1%
14
’ X
e e BW
14

period = 360° amplitude = 1;y = 0;
R={yeR|-1=y=1}

b) y
NAN/
~2W0"0 9W0°
_]_

period = 3607 amplitude = 1; v = 0;
R={yeR|-1=y=1}

2

2(180) 120-

6. a) period = ——= =
y = U; 45° to the left; amplitude = 2

3
y
y/
IWS"
2(180)

— = 360(2) = 720°

2

b) period =
y = —1; 60° to the right; amplitude = 1
y X

T T T T H
90° 180° 2703607450 F40 63

7. a s the amplitude, which determines how far above
and below the axis of the curve of the function rises
and falls; & defines the period of the function, which
is how often the function repeats itself; d is the hori-
zontal shift, which shifts the function to the right or
the left; and c is the vertical shift of the function.

6.1 Radian Measure, pp. 320-322
1. a) 7 radians;
180°
sradians X { ——— | = 180°
b) % radians;
T+ 180
“"Fadl‘aﬂs X -— — 9 ©
2 (%r—&d&aﬂs) 0
¢) —mradians;

180°
—srradians X | ————— | = —180° = 180°

3 T
d) —-—21T~radians = gradians;

3e 180°
——¢adians X | ———— | = =270°
Fradins < ()
e) — 2 radians;
180°
—2erradians X | ——— | = —360°

3
) —g— radians;

34 180°
—— radi X ——/— |} = 270°
2 radians (%F&é&aﬁs)

4
2) _%ﬁ radians;

da ( 180° )

——radigns X | ——— | = —240°
3 Fradians

o

Fouy| .
h} — radians;
3

27 cadians X (J&) - 10
3 < an 2
2. a) y

1 X

0
b) /1}/

X
0
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c)

g

>

(o
"

oy
P,
Ny
\/0\1
AN
G
e
NP,

o
A T3

4

3.8) 75° = 75° X (Ef—f‘;—(;fﬁ> - %radians
b) 200° = 200° X <mf‘§§f“3> - 12’” radians
¢) 400° = 400° X (”ngf“) - 2(;77 radians
d) 320° = 320° X (“f‘ggf“s ) = 1697" radians
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S Sw 180°
4.a) — = — X { ———— | = 300°
a) 3 3 <7r radians) 30
180°
b)Y 037w =037 X <-~—O-> = 54°
7 radians
180°
¢})3=3X (m) = 171.89°
7 radians
117w 11w 180°
d = X = 495°
) 4 4 (77 radians) ?
xO
. = 2 S
5.a)5 360"( 7)(2.5)
1800 = (x)(27)(2.5)
114.6° = x
di
114.6° = 114.6° X (1%;——@) = 2 radians
7 radians 107
200° = 200° x = di
b) 200 00 ( 180° > 5 radians
107
9 -
x = (27)(2.5)
2
5
X = 6(277)(2.5)
25
X = —Cm
T
l (o)
6.a)3.5=35X (-“é&—> = 200.5°
7 radians
200.5°
x = 2
=S (2m)(8)
x =28 cm
_ 7 radians Sar )
b)300° =300° X | ———— | = radians
180° 3
Sm
x = Z‘W(Zw)(b)
5(2 )(8)
X ==
g™
407
Y = -—=—cm
i
7.a) 90° = 90° x (;@E&‘E) = T radians
T 180° 2
. ) 7 radians 37 )
b) 270° = 270° X <“£1‘8(;jm> = gradlans
o . 7 radians
¢) — 1807 = —180° X <-~——->
_____ 180°
:i:ﬂ}: 7 radians
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7r radians T
° = 45° X | ——————
d) 45 45 ( ) 1

130° = —radians

7r radians
e C == ’ x 180°
o) —135 135 ( 180° )
H
! 37T§____71 i
AT e
e ﬂ-radians m
T =007 X e ) T pradi
£) 60° = 60 ( 180° ) e
mradians) _ 4w
0 e TR )T |
£) 240° = 240 ( 120° ) 3 radians
7 radians
e °=- ’ x 1800
h) ~120° = ~120 < o )
_2m _dm
WETE
2m 2w (180°
w18 N
)3 73 (Wfadiam)

7 radians

T 180°
— == X | ———— )} =45°
¢) 4 4 (77 radians) >

37 3 180°
—— X | ———— | = —135° = 225°
d) (w radians)

5 180°
by 7 = 27 x (-—-~——-—) = ~300° = 60°

Ta T 180°
—_—= e X | ————— | = 210°
¢) 6 6 (77 radians)
37 3 180°
e = s X e = — o — o
b 2 2 (77 radians) 270 N
1lr = 180°
= X = 330°
g 6 6 (w radians) 0
O 97 180°
— e zx —— X s = — o
h) 2 2 ('rr radians) 810
= —90° = 270°
197

9.a)x = E(Zw)(ﬁ)
2

x= %(27}')(65)

. 24707
AT
2477
T4

b) 1.25 =125 X (

143.2°
X = e (277)(65)7 B

x =162.5m

X m

180°

— | = 143.2°
wradians)
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¢) 150° = 150° X <l?§)—l?ﬂs—> = 5%Tradians
s
x =2 (2m)(65)
2
x = i(Z'n')(65)
12
_ 325w
x= g m
10. B

/O\Nm
X
0 F
A 8 cm CW
E

D

1 T
rz,soﬂ— p

. 4
sinf = -o

8

_7_7'_ mw
2

m

LBCA=———
6

3
Because they are vertical angles, ZBCA = LDCF.
LDCF = (DCE + LECF

o w
— = —+ LECF
312
m kn
— — = LECF
30012
w
— = LECF
4

Since L ECF = % x = V2(CE)

= 4.50V2 cm
11. a) It rotates 4 times per min. So it rotates once
every 15 seconds.

27 radi
w = —W—r%% = (.418 88 radians/s

b) Radius =3 m
Revolutions, n = (4 rev/min) (5 min) = 20rev
distance travelled = 20(27)(3) = 3770 m
12. a) w = 1.27 rad/s(60 s/min)

= T2 rad/min
T2ar fﬁd/min( 180,

o

In one minute, the wheel rotates 12 960°. So,
Revolutions, n = 12 960° = 360° = 36
b) The wheel travels (9.67)(6) = 57.6m metres
in a minute.
57.67 = 36(2w){(r)
08m =r

) = 12 960°
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13. a) The angular velocity of piece A is equal to . 3 wradians\ 1lw
piece B because they rotate at the same speed 330° = 330° X 180° =% radians;
around the centre. 7 radians

b) The velocity of piece A is greater than piece B 360° = 360° X (W) = 27 radians

because the radius of A is greater than the radius of B.
¢) The percentage would stay the same.

1

7

15. Circle A: 59—(:2#)(15) =7.85cm
r

14. °
120° 50 60° T
135° 45° 5
150° 30° Circle B: 2—(277)(17) = 7.62 cm
a
T
180° 0°, 360° _ 5
Circle C: =—(27)(14) = 8.80 cm
° 330° 2m
210 ¢ 115° So, from smallest to largest, the order of the arcs
225240° . 300° would be Circle B, Circle A, and Circle C.
270 16. C = 2mr = 27 (32) = 64w cm
wrradians , 1m 1km
0°=0°X (—-—~O—> = (radians; 64 % ( > X ( ) = 0 647k
180 7 X\ 100em,) * \T000m ) ~ 000 64k
7 radians T 675km e % 3 7
30° = 30° X | ———-— ] = —radians; i = = OGRS 535775
( 180° ) ¢ radians Revolutions 0.000 647 km ko 5
. Yoy 60 N
45° = 45° X (M> = zradians; 6hr 45 min = 785 min X ( S ) = £59005JV3I00 S
180° 4 | I min e s
di 1054687 5rev— L D2 S
60° = 60° X (zrla_g(;?i> = %radiansg . Rtev/ sec = 45000<— “23{?_’7%:5 T
23 ° = goggers MITT 2K
90° = 90° X (W radians) ~ radians 2 y VX 360’“""_“ s di
= R = —7T1 - I i \4%’7’;;);’ it
80° 2 ’ $280°/s — 8o80°/5 x (”_fl%éééil_s)
1200 = 120° X (Tffadlans) — &T_radians; = M radianS//S
180° 3 o o
o radians 3w
135° = O X | —— ] = e i N i Sma o
P ( 180° ) g redians; 6.2 Radian Measure and Angles on the
150° = 150° x <7rrad1ans>: 5T adians: Cartesian Plane, pp. 330-332
180° 6
di 1. a) y
180° = 180° X (%) = 7 radians; 3_:\\
4
di 7 X
210° = 210° X <£%%6@E> = —gradianS: \‘\o//
mrradians S
225° = 225° X = ——radians;
5 ( 180° ) ; radians;
o 7 radians d7 37 .
240° = 240° X 180° = ——radians; s located in the second quadrant. The related angle
2
w
i 37 is —, and sine is positive in the second quadrant.
270° = 270° X <Zf_fid£f§) = " radians; 4 P k
180° 2
300° = 300° % (m) = 27 cadians;
1807 3
3159 = 315° X (ﬂM‘i) = T adians:
180° 4
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b) y

-
\

5 .
—:*T is located in the fourth quadrant. The related angle
3

LT . . .. .
is é and cosine is positive in the fourth quadrant.

R
-

4
-371 is located in the third quadrant. The related angle

is =, and tangent is positive in the third quadrant.
2

d)

-
L

57, .
o i located in the second quadrant. The related angle
s

i

is —, and secant is negative in the second quadrant.

N
]/

o g

e)

2
—32 is located in the second quadrant. The related angle

.o .. ..
is 3, and cosine is negative in the second quadrant.

f) y

1y
S

:727[ is located in the fourth gnadrant. The related

. . o
angle is 7 and cotangent is negative in the fourth

quadrant.
2. 3) i) 4
104
8_‘
i 6—
4_.
2_‘ R
. X
¥ O T 1 ] T H :
2,1 2 46810
fi)r’ =6+ 8§
rP =236+ 64
2 =100
r=10
i sin = & coso = Jano = 2
iii) sin 6 = S,COS =3 an 3
csc @ = é secf = ; cotfd = é
&4 3’ 4
4
iv) sin“(§> = (.93
6 = 0.93
b) i) ; Y
\-_.{6 —1(2 _l —l
_4_
..8_
_'[2_
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i) 2 = (—12)* + (=5)?

r? =144 + 25
r =169
r=13
ifi) sin @ = —%, cos 8 = —%, tan @ = 15—2
csch = ~LS3*,sec6 = —%,cotﬁ = 152_
iv) sin“’(—i> = —0.395
13
8= + 0395 =354
¢) i) V -
ENREE
_4-
._..6_
..8..
i) 12 = 4% + (=3)
rP=16+9
r* =25
F=>
ceer 3 4 3
iii) sin @ = -~5*, cos # = g tan 8 = —Z,
5 5 4
csc = —g,sec() = Z,cot() = —5

iv) Siﬂ“(— %) = —(.64

6 =727 —0.64 = 5.64

dy i)

Y 34
6<
4_
2-
X
.‘1 —) O 14 H Pd
4-20 2 4
_4_
ii)r? =0+ 5%
=0+ 25
=125
F=35
ceer 5 0
Hi)sing = — = {, ¢cosf =— = (),
D> 3
5 .
tan # = — = undefined.

o~
[
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csch = é =1,sech = -5— = undefined,
5 0
0
tf=—-—=40
co 5
iv)sin™!'(1) = 1.57
o
2
3. a) y
\41
1172

x=0,y=—-1Lr=1

sin(——;) = —l,cos(—“g) =0,
i !
tan(—;) = undefined, csc(——) = —1,

3

[\

sec(—%) = undefined, cot(—%) =

b) y

[/

x=-1l,y=0r=1
sin(—m) =0,cos{—7) = — 1, tan{—mw) = 0,
csc (—m) = undefined, sec(~m) = — 1,
cot(—m) = undefined

¢) y

a3
N
-/
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4. a) This is in the second quadrant where sine is
positive. Sine is also positive in the first quadrant.

. . . T
So, an equivalent expression would be sin s

b) This is in the fourth quadrant where cosine is pos-
itive. Cosine is also positive in the first quadrant.
. . ko
So, an equivalent expression would be cos 7
¢) This is in the fourth quadrant where cotangent
is negative. Cotangent is also negative in the
second quadrant. So, an equivalent expression

would be cot J—}

d) This is in the third quadrant where secant is nega-
tive. Secant is also negative in the second quadrant.

. . Sar
So, an equivalent expression would be sec o

5.a) 04

b)

Chapter 6: Trigonometric Functions



f)

Sl

cosfd = —

\w\l‘sf

Za
h

h’g‘

T d
el ! /
2
! \\\
X
(5)-3-2
sec 3 1
6. a) y
cQsB———3
N5 2
§ X S T
s ! G =5k —
3 4z
2173 0 ,

27 4w -
Y /
b) y
. cosf =0
2 6 _:7_7i 377'
s =3

2 B

S
AN
S

g =-—
cos 5
6**3 11
67 6
2
2 _
6=

7.a) (—7,8)is in the second quadrant,

tan“(%) = —().852

X 0 =7 — 0852 =229
b) (12,2) is in the first quadrant.

2
tan"<§> = (.17

8 =0.17
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¢) (3, 11) is in the first quadrant.

tan"1<1—31—> = 1.30

# =130
d) (—4, —2) is in the third quadrant.

tan“‘(%) = 0.464

8 =7 + 0.464 = 3.61
e) (9,10) is in the first quadrant.

10
tan~! (3) = (.84

6 = 0.84
fy (6, —1) is in the fourth quadrant.

tan"<;6l~> = —0.165

6 =2m — 0.165 = 6.12
8. a) This is in the second quadrant where cosine is

negative. Cosine is also negative in the third quadrant.

. . S
So, an equivalent expression would be cos e

b) This is in the fourth quadrant where tangent
is negative. Tangent is also negative in the
second quadrant. So, an equivalent expression

S
would be tan e

¢) This is in the fourth quadrant where cosecant

is negative. Cosecant is also negative in the third

quadrant. So, an equivalent expression would be
47

cse .

d) This is in the second quadrant where cotangent

is negative. Cotangent is also negative in the fourth

quadrant. So, an equivalent expression would be
S

cot ES

e) This is in the fourth quadrant where sine is

negative. Sine is also negative in the third quadrant.

. . . T
So, an equivalent expression would be sin o

) This is in the fourth quadrant where secant is

positive. Secant is also positive in the first quadrant.

. . ki
So, an equivalent expression would he sec —.

9.

34m

6-10

sin g = g—i
5
g = sm“(—?)—g) = (),748
a7 — (.748 = 2.39
16. N
4 rad.
W /T E
4.2cm
X
S

8=4-—m=08584

4.
sin (0.8584) = 72

42
* = Gn(08ssa)  o>oCm

Use a proportion to find 6.

10sec  rrad
60sec  2mrad
r = 1.05rad
. X
cos (1.05) = 9
x = 9cos (1.05)
x=45cm

12. Draw the angle and determine the measure of the
reference angle. Use the CAST rule to determine the
sign of each of the ratios in the quadrant in which
the angle terminates. Use this sign and the value of
the ratios of the reference angle to determine the
values of the primary trigonometric ratios for the
given angle.

13. a) It lies in the second or third quadrant because
cosine is negative in these quadrants.
byx=—-5r=13y=7?

132 _ (_5)2 JE—

169 — 25 = y?
144 = y?
12=y
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12 12

sxn9=~l-3~or~§,
tan8=£or~~1~2-
5 5°
sec()z«E
x
13 13
cscel—*aor*ﬁ,
5
cotG«——ﬁor-"ﬁ
. 12
c)sme—l—g
o412
8 = sin (E)
§=1176

In the second quadrant, = — 1.176 = 1.97.
In the second quadrant, 7 + 1.176 = 4.32.
14. y

S

< \\‘\/"‘l

N

7 5o

By examining the special triangles, we see
S V3
cos<*6—> =cos{—150°) = ——

15.

I i W
tJ ) )
TN TN
Bl 2.
S RO | :3[\)
| \%/a\

N e
- A
N

[
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6
-6
2 2
1.3
4 4
=1
2
2<sin2<—1~¥z>> -1= (Sin2 EE) - ( 2“1177>
6
16.sin( T ) = >
6 AB
AB=—5_
Sin(g)
AB =16

(AD) = & + 8
(AD)* = 64 + 64

(AD)2 = 128
(AD) = V128 = 8V2
sin D = —~8 = Q
8Vv2 2
cos D = ——8 = —\/—§'
8V2 2
8
tan D =—-=1
an 3
17. a) y
m—X X

The first and second quadrants both have a positive
y-value.

b) y

The first quadrant has a positive y-value, and the
fourth quadrant has a negative y-value.
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The first quadrant has a positive x-value, and the
second quadrant has a negative x-value.
d) y

The first quadrant has a positive x-value and a
positive y-value, and the third quadrant has a
negative x-value and a negative y-value.

18.

443
IR
€= a=30°
373
. 3
ana = —=
3\/‘3‘
a = tan ‘( 3 >
3V3
a = 30°
4V3
tan¢c = ———
4
_1<4\F3>
¢ = tan
4
¢ = 60°
b = 180° — 30° — 60° = 90°
sin 00° = 1
19.
. b =[105° 63
c=30° a =45
-743 642
6-12

tana = 6va
6V 2
a= tan“(-l'>
1
a = 45°
7
tanc = -
c = tan“(lm)
V3
c = 30°

b = 180° — 30° — 45° = 105°
cos 150° = —0.26
20. The ranges of the cosecant and secant functions
are both {y e R|—1 = yory = 1}. In other words,
the values of these functions can never be between
—1 and 1. For the values of these functions to be
between —1 and 1, the values of the sine and cosine
functions would have to be greater than 1 and less
than —1, which is never the case.
21. The terminal arm is in the fourth quadrant.
Cotangent is the ratio of adjacent side to opposite
side. The given information leads to the figure
shown below.

This is a special triangle, and the hypotenuse is 2.

9-(2)

sin@ cot§ — cos? g =

6.3 Exploring Graphs of the Primary
Trigonometric Functions, p. 336

I.a) y = sin 6 and y = cos 6 have the same period,
axis, amplitude, maximum value, minimum value,

domain, and range. They have different y- and
g-intercepts.
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b) y = sin 6 and y = tan 6 have no characteristics
in common except for their y-intercept and zeros.
2. a)

RN

b)

. -

A P .,
.."f h \‘l'. "f / \L "";‘ jf’ 4
S

gt i1
4= -c.q07RE7 lv=7ori0678

fc : f"ﬂf‘ﬁ N
N, _}/ S }

wekion
S619Y I¥=-Fe71068

Inters
y=-2.2

g =-236

.
"._ “ J'}‘ , ('.:{;' ,‘4‘?
P o

Inkersechion
A= 7A5290816 Y= 20710678

., g . -~
:{ ;I. '!‘l J{, .,x:—x\' 4
P . £

.
) " s kY 1 rs
Y RV

5

Intersection
#=3.92a9908 i¥=-7or7i0al

6 =393

c¢) i) The graph of v = sin 6 intersects the #-axis
at 0, =o, =27, ...

t

=nm nel

i
ae . s
ii) The maximum value occurs at > and every 2w,

since the period is 27.

[t
! :~7—+‘2n77.nel

H

A

. 37
tit) The minimum value occurs at 5 and every 21,

since the period s 2.

! :£+3nfr.nel

" 2

3. a) The graph of v = cos ¢ intersects the §-axis at
T 3w

IS‘ i'*z

+nm.nel

| g
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b) The maximum values occur at 0 and every 2,
since the period is 2.

, = 2nm,nel

¢) The minimum value occurs at 7 and every 27,
since the period is 2.

t,= —m+2nm nel
sin x

4. Here is the graph of y =

cosx

Here is the graph of y = tan x:

i

The two graphs appear to be identical.

5. a) The graph of y = tan § intersects the #-axis
at0, =, X2, ...

t,=nmnel

b) The graph of y = tan 8 has vertical asymptotes

at +Z +_3_Z
2T
t,= - +nmnel

6.4 Transformations of Trigonometric
Functions, pp. 343-346

217 T

fl.a ermd = -

) period: 57 = 7= 5
amplitude: |a| = |0.5] = 0.5
horizontal translation: d = @

equation of the axis;y =0
_ 2w

b) penod T 2w
amplitude: [a] = [1] = 1
horizontal translation: ¢ = %
equation of the axis: y =3

27
,l\, 3
amplitude: |a| = {2} =2
horizontal translation: d = 0
equation of the axis: y = —1

¢) period: —
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d) period: % - i:zj;l S horizontal translation: d = —'Z units to the left
amplitude: |a] = |5] = 5 equation of the axis: y = 4

]

horizontal translation: d =

6
equation of the axis: y = —2 \\\/\ “n, \ /\/
2. For y = 0.5 cos (4x) I
= = 4.y =asin(k(x —d)) +¢
) a)a = 25
period: i% =
Foryzsin(x—%>+3 k=72
. flx) = 25sin(2x) — 4
. 2
= [ SN b)a = g
2
eriod: — = 10
T
=7
S
Fory = 2sin(3x) — 1 2
flx) = ~sm(~7-—~x) + —
5 5 15
A p 90 =8
1 "\ _,ff Y Y ; period i o
\ Y. .
k = —
- 3
Fory=5<:os<~2 +;—W—2 (1 9
3/ flx) =80sin| =x | — —
3 10
r{‘\(‘ {I«"(‘ dja= %1 .
1 R 21 .
']'; h ;!; 'J period: el
| K ‘!‘ l"‘ k =4x
lﬁ, | Yoo fx) = 11 sin (4mx)
] 5. a) period = 27, amplitude = 18,
Only the last one is cut off. equation of the axis is y = 0;
3. ’ Y y = 18sin x
§ b) period = 47, amplitude = 6,
] equation of the axis is y = —2;
2 . y = +46sin(0.5x) — 2
T ¢) period = 67, amplitude = 2.5,
Suw_m w ) w3 ' ion of the axis is v = 6.5:
4 37 47 4 equation of the axis1s y ]
y=-25 cos(%x) + 6.5
T 3
y = ”2‘?05(4(" iy )) 4 d) period = 47, amplitude = 2,
v 2w equation of the axis is y = — [
pertod L T el T 2 y = -2cos(x) - 1
amplitude: |a] = |-2{ =2 -
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6. a) vertical stretch by a factor of 4, vertical
translation 3 units up

,-f JH\"-.
- ~

b) reflection in the x-axis, horizontal stretch by a
factor of 4

¢) horizontal translation 7 to the right, vertical
translation 1 unit down

d) horizontal compression by a factor of ¥, horizontal
. g
translation 5 to the left

VAR L: AN
VY Y

, 1
7.a) flx) = zcosx + 3

Advanced Functions Solutions Manual

o) flx)=3 cos(x - g)

\_/ "%..k //

d) f(x) = cos(Z(x + g))

8.a)

b)

Sk T

o 7 \J 3 \&
21 2 T,

/--. =,

FAEAN ,f’r ',
F l‘\_»" 4 S
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d) —xy—

T 3 2w
_._———J—‘F'—'—-‘_’—J___’
e) %y -
O 2 7 3 2
2 2
._6_

f) Y '
o 7 @ 3w om
ChE— 2
_4- . : :
._6_
4
6-16

v
9. a) penod lkl =3
6

k =
5
The period of the function is g
This represents the time between one beat of a

person’s heart and the next beat.

b) P(60) = —20 005(5—371(60)> + 100 = 80

) AV
120-
110+
100+
90 |/

ey 12 3 4

N

d) The range for the function is between 80 and
120. The range means the lowest blood pressure is
80 and the highest blood pressure is 120.

10. a)

303

20-

o\ /\ /[
0 ové 0.8 1\/ P

-10] ,

-20-

=30

Horizontal distance from
centre {cm)

Time (s}

b) There is a vertical stretch by a factor of 20. The
period is 0.8 s.
2ar
— =08
k
S
k=
2

There is a horizontal compression by a factor

2
fm—s—w.

There is a horizontal translation 0.2 to the left.

¢gy=120 sin(%(x + O.2)>

Chapter 6: Trigonometric Functions
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il. a)

Distance above the ground (cm)

Time (s)
b) vertical stretch by a factor of 25, reflection in the

x-axis, vertical translation 27 units up; the period
is 3 s.

2
o—— 3
k
21r
k=—
3
. . . 1 3
horizontal compression by a factor of — = —
ki 27

2
¢)y = —25cos (—;v> + 27

3

12. By looking at the difference in the x-values of

. T 3
the two maximums, - and ~—77£, we see that the
. . 27
period is =
{da _
13. Answers may vary. For example, (F 3).
Since the maximum is 4 units above y = 9, the

minimum would be at y = 5. If the period of the

function is 27, then the minimum would be at

T 4
+ 7 of

13 13"

14. a) This is a cosine function with amplitude = 1.

‘od 2T 4
£r1 = = 4T
P 05

y = cos (4mx)
b) This is a sine function with a reflection in the
x-axis and an amplitude = 2.
2w

8§ 4

v = —2sin (z;-\)

¢} The v-axis is y = — 1 and the amplitude is 4. The
function is shifted horizontally to the right by 10.
2ar T

10 20

y=4 Sm(i()“ - l())) -1

period =

period =

Advanced Functions Solutions Manual

15.
Start with graph of y = sinx.

Y

Reflect in the x-axis and stretch
vertically by a factor of 2 to
produce graph of y = —2 sinx.

Y

Stretch horizontally by a factor
of 2 to produce graph of
y = —2sin (0.5 x).

A

K . .
Translate 7 units to the right to
produce graph of

y = ~2sin(05 (x - 7).

\

Translate 3 units up to produce
graph of

y= =2 sin(O.S (x - 24[)) + 3.

16. a) The car starts at the closest distance to the
pole which is 100 m.
b) The centre of the track is 400 m from the pole
because it is half the distance between the closest
and furthest point.
¢) The radius is 400 — 100 = 300 m.
d) The period of the function is 80 s. This is how
long it takes to complete one lap.

21 (300)
© %0

m/s == 23.56194 m/s

Mid-Chapter Review, p. 349

T 180° o
1.a) g?&éi&&& X <——~—W> =225
. 1807 ,
7T radians
12 Fradians,

6-17



1 C
Lw1x°=1%°x<199§§>ﬁzzmmms ) g
180°
b) 450° = 450° X (”—rafliais-) = 7.9 radians /i \\
180 37T\ X
€)5°=5°X% (W) = 0.1 radians N 3
- 180° ‘ 2
7rradians
° =330° X | ————] = 5.8 radi
d) 330 %0(1w> 5.8 radians
di tan - = —V3
e) 215° = 215° X (333—5§§> = 38 radians 3
180° d)

7 radians

= —2.4 radi
180° ) 2.4 radians

f) —140° = —140° X <
3.a) 1027 = 207 .

y
5
6
<
2 >
b)w = *%E = 477 radians/s -3 /!
¢) Circumference = 27 (19) = 387
V3

387 X 10 revolutions = 3807 cm

4.3) y
tan——--——l— ——
6 V3 3
X €) y
114 X
_,//
()
S
m_ 1 _V2 )
MY TV T2
b) y
37 O
///~uz COS’i‘“—ImO
s\ D y
NN B
2
(s
;Tif\3 x
'kgl32 /
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5.a) (—3, 14) is in the second quadrant.

14
tan”(jg) = —1.360

6 =xw—1.360 =178
b} (6,7) is in the first guadrant.

tan” ‘(%) = (.86

¢} (1, 9) is in the first quadrant.

tan“(%) = 146

d) (—5, —18) is in the third quadrant.

-1
tan"‘(%) = 1.30

6 =7+ 1.30 =444
e) (2, 3) is in the first quadrant.

tan“(%) = (.98

£) (4, —20) is in the fourth quadrant.
-20
tan“(T) = —1.373

6 = 27— 1.360 =491
6. a) This is in the second quadrant where sine is
positive. Sine is also positive in the first quadrant.

. . . T
So, an equivalent expression would be sin o

b) This is in the fourth quadrant where cotangent is

negative. Cotangent is also negative in the second

quadrant. So. an equivalent expression would be
37

cot —.
4

¢) Secant is undefined at ~§. It is also undefined

w . . kil
at 7. So, an equivalent expression would be sec Py

d) This is in the third quadrant where cosine is
negative. Cosine is also negative in the second
quadrant. So, an equivalent expression would be

S
cos =
T.a)x =0, o, £27,...;y=0
™ 3ar S
bjx= ®x— =+ LR oy =1
) 2 T2 2 )
x=0. 7 *27 v=20

Advanced Functions Solutions Manual

8. a)

¢)

e)

6-19



f) y ‘LX
3r-m w0 & owm
2.2 2 2

....4_

9.y

1
= gsin<—3<x + g)) -~ 23

6.5 Exploring Graphs of the Reaproca!
Trigonometric Functions, p. 353

1. a) The graph of y = csc x has vemcal asymptotes
at 0, =, 227, . ..

t,=nm,nel

b) v = csc x has no maximum value.

¢) y = cscx has no minimum value.

2. a) The graph of y = sec x has vertical asymptotes

™
t =~2-+n77,nel

b) y = sec x has no maximum value.

¢) y = sec x has no minimum value.

3. a) The graph of y = cot x has vertical asymptotes
at0, =m, x27, ...

t,=nmnel

b) The graph of y = cot x intersects the x-axis at i-g,

3r
-

T
t =:)~+mT,nel

' &Lﬁ HEEN
0l

|

VERSTENN
GG e
f Pﬁ 4 [} ¢ c‘
Inl'grs«rtmn l
Fl Il EAR N W s b

l
M AL
f?e'“‘\' { T‘—W

Intersection
As-2 2619y

Y= -1 4142

6-20

o

b )
[
o,
~
-
"

|
ira
el I 1
- :
e

ﬂ"f" f'(ﬂ

Intersection
A=3 HEa9808 W= -i 4iye

The values of x for which y = cscx and y = secx
intersect are x = —5.50, —2.35,0.79, 3.93, the same
values for which y = sin x and y = cos x were
determined to intersect in Lesson 6.3,

5. Yes; the graphs of y = csc (x + g) andy = secx
are identical.

J ki k

(Y -

6. Answers may vary. For example, reflect the graph
of y = tan x across the y-axis and then translate the

graph % units to the left.
7. a) period = 27
P 34

T

b) period = 7
64\)’ A

4

3

=
|
5
P
N
L
S
:)..
3
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¢} period = 27

d) period = 4=

Usy
, P

6.6 Modelling with Trigonomet
Functions, p. 360-362

2 s
Y= Hx+—+2
L.y 3cos<3<r 4))

2. Forx =

E]

+

y=0-+2
y=12
3
F =—
or x 4
2(37r =«
) =3 N — 4+ =1+ 2
v=3eos(3( 7))
2
)5 :3COS<"§(TZ’) + 2
v =3(—05) +2
v=—-15+2
v =05
FOF\'“'I’}'}“
6

Advanced Functions Solutions Manual

y = 0.973 94
3
- ™~
S N
L2 2-2 2 2 :

x =13
4. amplitude and equation of the axis
5. a) The amplitude represents the radius of the
circle in which the tip of the sparkler is moving.
b) The period represents the time it takes Mike to
make one complete circle with the sparkler.
¢) The equation of the axis represents the height
above the ground of the centre of the circle in
which the tip of the sparkler is moving.
d) A cosine function should be used because the
starting point is at the highest point.
6. The amplitude of the function is 90 with the
equation of the axis being v = 30.

2 ow

T4 R
o
= 90sin{ —x | + 30
y sm<12 r)
7. The amplitude of the function is 250 with the

equation of the axis being y = 750.
period = 3 seconds

2m
k=-—
3
27
y =250 cos<:;r~x) + 750
)

8. The amplitude of the function is 1.25 with

the equation of the axis being y = 1.5. There is a
reflection across the x-axis.

Circumference = 27 (1.25) = 257

6-21



Height above the
floor {m)

Total distance
travelled (m)

9. 0.98 min < ¢ < 1.52 min,
3.48 min < t < 4.02 min, 5.98 min < ¢t < 6.52 min

60_/},{.;,,(, o - R

204

Height above the
ground (m)

Time {min)
10. a) The amplitude of the function is
15.7 - 8.3

5 = 3.7 with the equation of the axis

- 7
being y = 2> or y = 12,
period = 365 days
2w
k=—
365 .
21 SASEE RN
=3.7si /
Y S‘“(zés(x% ,
b) For x = 30,
= 3.7 si (—%?—(36’)9 + 12
YT 365
y = 1387 hours A
Ly
. 554
i @
16 1 8
’ L
121 : .
8- e
.
41 ‘
®
0 T T T T T e
50 -100-150 200 250 304, 350
—4 4 - ; 4 ;
L
-8
~124 ¢ ®
e
~16 +
N

6-22

The axis is at It YR 1.4. The amplitude

is 16.2. The period is 365 days.
27T t "

k - 5‘6—5‘ , ".;,t\}'ﬁ

(1) = 1622 si};<%a - 116)) e X

Graph the equation on a graphing calculator to
determine when the temperature is below 0 °C.

N
[N\
(‘\"&.

F41g]
#=1i0. 87347 Y=g

AN

Rei8sszes3 veo s
0 <¢<111and 304 <t < 365

12. The student should graph the height of the nail
above the ground as a function of the total distance
travelled by the nail, because the nail would not be
travelling at a constant speed. If the student graphed
the height of the nail above the ground as a function
of time, the graph would not be sinusoidal.

13. The axis is at 3 m = 300 cm. The amplitudes
of the minute hand and the second hand is 15 and
of the hour hand is 8.

The period of the minute hand is 60.

St

2 T
k=% " 30

minute hand: D(¢) = 15 cos (é% t) + 300;

The period of the second hand is 1.

2
k = —{—T— =2n
second hand: D(¢) = 15 cos (2mt) + 300;

) R e 1, R NP B AN 7o Yo
LIe Period O HIC HUUL fldiid 1> 7 &4,

AT
720 360
k
hour hand: D(¢) = 8 cos (3@ t) + 300
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1. a) The average rate of change is zero in the
intervals of 0 < x <7, 7w < x < 2.

b) The average rate of change is negative in the

) 77377 S
intervals of — 2 <x <5, <x<5,.

¢) The average rate of change is positive in the
. T 37 S5
intervals OfE <x < Py < x < 3.

2. a) Two points where the instantaneous rate of

. T S5m
change is zero are x = AR
b) Two points where the instantaneous rate of
. . T S
change is a negative value are x = X =T

¢) Two points where the instantaneous rate of
change is a positive value are x = 0, x = 217.
3. Average rate of change for the interval
2=x=5
1“ SN

5-21 |3

=0
3

w3

[SIES

S
-2 4
al=x= ul
=YV =
2
. 273 =2
Average rate of change = —
5~ 0
0.73
1.57
= .465
o ke
b)y—=y=s —
'e=r=3
273 =273
Average rate of change = ————
26
0
1.047
={

Advanced Functions Solutions Manual

c) T,
37773
273 -3
Average rate of change = —W—3~W—
2 3
-0.27
0.5236
= —0.5157
™ St
d)y -—=x="—
) , SE=
~0.932 - 2.73
Average rate of change = —
R
_ —3.662
2.356
= —1.554
5. ¥y
6_
4+

a) The average rate of change is zero in the
. ; Kia
intervals of 0 < x < >
b) The average rate of change is negative in the
. T Su
intervals of 0 < x < el <x < =

¢) The average rate of change is positive in the

intervals of = < <ES—7T< <3l7—r
N A P
6. $4
8~ .
6..
4..
2_
X
R
2 2
_4_
_6_

a) Two points where the instantaneous rate of
change is zeroare x = L v =3,

b) Two points where the instantaneous rate of
change is a negative value are x = 0, x = 1.
¢) Two points where the instantaneous rate of

change is a positive value are v = §, v = .

6-23



7.a)y = 6 cos(3x) +2f0r%§x577

w
For x = —
orx =,
y=26 cos<3<~§>) + 2
y = —2.2426
Forx = m,
y =6cos(3(mw)) +2
y=—4
—2.2426 —- (—4
Average rate of change = = (=4)
- - T
4
17574
—2.3562
= —{(.7459

1
byv = —55in<5x) —9f0r1£5x$7r

T
Forx = —
or x 4

1/

= —,‘ 1 1 — _9

y Jsm(2<4>>
y = —10.9134
For x = =,

1
y = —SSin<§w> -9
v = —14

Average rate of change = =
- T

4

3.0866

—2.3562
= —1.310

1 7
c)y:Zcos (8x)+6f0r—;£§xs'n‘

1
y = cos (87) + 6

y = 6.25

6-24

~10.9134 — (—14)

6.25 — 6.25
Average rate of change = —5———
Z T
T 23562
= ()

8. The tip is at its minimum height at r = 0.
Normally the sine function is 0 at 0, so the function
in this case is translated to the right by } of its
period. The propeller makes 200 revolutions per
second, so the period is 5. The amplitude of the
function is the length of the propeller, which is
positive. Assume that it is | m for this exercise.
Then the function that describes the height of the
tip of the propeller is 4 (z) = sin (4007 (f — 555)).
The graph of this function is shown below.

h(t)

321
24- |
el

Ras) o001 0.002 0.003 o.?ise\)
qel

244

-3.2

t = {.0033

300
From the graph, it is clear that the instantaneous
rate of change at t = 5 is negative.

9. a) The axis is at 20.2. So, the equation of the axis
is y = 20.2 and the amplitude is 4.5.
2w

S YRR
R(t) = 45 (" ) +202

(t) = 4.5cos 12{ 20.

b) fastest: ¢+ = 6 months, r = 18 months,
t = 30 months, ¢ = 42 months;
siowesi: ¢ = § moniis, { = 12 nioiihs,
t = 24 months, t = 36 months, f = 48 months
¢ggFord=s=r=7

t=35

o

R(5) = 4.5cos <—1—~2—(5)> +20.2

R(5) = 21.364
t=7

Chapter 6: Trigonometric Functions



R(7) = 45 cos(—l%m) +202

R(7) = 19.035
Use the points (5, 21.364) and (7, 19.035).
19.035 — 21.364 | —2.329

— ;= —1.164
= 1.164 mice per owl/s
10. a) - NV ——
i 4"/\/\/
,3- i i
2]
1 ‘
0 i
O 4816202

The instantaneous rate of change appears to be at its
greatest at 12 hours.
Foril =1 =13

=11
v =05 sin(%(ll)) + 4
y = 3.75

(=13

y =05 sin(%(ﬁ)) + 4
y =425

Use the points (11, 3.75) and (13, 4.25).
425 -375 05

=2 = 025t/h
13- 11 P >
ii) For 11.5 = 1 = 12.5
t=115
y=0.5 sin<1g~(11.5)> +4
y = 3.8706
r=125

y=0.5 sin<167-(12.5)> + 4

v =4.1294
Use the points (11.5, 3.8706) and (12.5, 4.1294).

4.1294 — 3.870
08 - 02588 t/h

25~ 115

iii) For 11.75 = = 12.25
t= 1175

v =05 sm<%(n.75)> + 4
v = 3.9347

Advanced Functions Solutions Manual

r=1225
y =05 sin(%(lZ.ZS)) +4
y = 4.0653

Use the points (11.75,3.9347 and (12.25, 4.0653).
4.0653 — 3.9347  0.1306
1225 - 11.75 05

b) The estimate calculated in part iii) is the most
accurate. The smaller the interval, the more accurate
the estimate.

il. a)

= 0.2612 t/h

8—(y

4_ N
- . |
0 0204 Y5 03810
_.4..
_8_

Time (s}

Distance from rest
position (cm)

b} half of one cycle

=72 ~172
) =0 14.4 cm/s
d) The bob is moving the fastest when it passes
through its rest position. You can tell because the
images of the balls are farthest apart at this point.
€) The pendulum’s rest position is halfway between
the maximum and minimum values on the graph.
Therefore, at this point, the pendulum’s instanta-
neous rate of change is at its maximum.

12. () = sin <—§z)

a)For = =5,

h(0) = sm(g(())) =0

h(5) = sin ?'(5)> =0
0-0

= (
5o

{55y = —0.309
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Use the points (5.5, —0.309) and (6.5, —0.809).
—0.809 — (—0.309) —0.5 .

65-55 1 ~ Uomps
13.a) 7
0.20
0.151
0104/
0.054

o

0.05
o10f
0154
L0701

b)Whentr=0,6 = 0. Whenr=1, 6§ = 0.2. The
average rate of change is 0.2 radians/s.

¢) Answers may vary. For example, from the graph, it
appears that the instantaneous rate of atf = 1.5 is
about —# radians/s.

d) The pendulum speed seems to be the greatest for
t=10,2,4,6,and 8.

14. Answers may vary. For example, for x = 0, the
instantaneous rate of change of f(x) = sin x is
approximately 0.9003, while the instantaneous rate
of change of f(x) = 3 sin x is approximately 2.7009.

(The interval —*Z < x < % was used.) Therefore, the

instantaneous rate of change of f(x) = 3sin x is at its
maximum three times more than the instantaneous
rate of change of f(x) = sin x. However, there are
points where the instantaneous rate of change is the

. - . . . T
same for the two functions. For example, at x = St
is O for both functions.
15. a) By examining the graph of f{x) = sin x, it
appears that the instantaneous rate of change at the
given values of xare —1,0, 1,0, and — 1.

b) v

4_

2_.
s O N LA
SmSEIw Yf R 3w
2 2 2 2

_4-

_.6_

The function is f(x) = cos x. Based on this
information, the derivative of f(x) = sin x is
cos .

6-26

16. a) By examining the graph of f(x) = cos x, it
appears that the instantaneous rate of change at the
given values of xare 0, 1,0, —1, and O.

b) S

2 2 |2 2

The function is f(x) = —sin x. Based on this
information, the derivative of f(x) = cos x is
—sin x.

Chapter Review, pp. 376-377
1. Circumference = 27rr = 27 (16) = 327
33 x
27 2w
(32m)(x) = (33)(27)
(327){(x) = 66
_ 667
L
33
T 16
2. Circumference = 27r = 2w (75) = 150«
147
X 15

150 27

Q2m)(x) = (1507_[)(1;1_577)

(2m)(x) = 1407?
x = T0m

X

X

7 radi
3.a)20° = 20° X (_Wr rfg(;?nS) = %radians
dians -5
b) —50° = —50° X (Tr rlagolins) = 13877 radians
ey 160° = 1ae [ TIAdEANSY BT
’ 1807/
7r radians T .
d) 420° = 420° X | ——— | = —radians
180° 3

4. a) % radians;

7 180°
—radians X | ———— | = 45°
4 (# racians )
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5
b) - TW radians;

8T .
¢) — radians;
J

S 180 ° !
radians X | ———— | = 480°
3 (-TF i’—&d—f&ﬂ%) 0
2 .
d) ——radians;

J

— Z—Cr-if-ad-l—&ﬁs X (———180 i ) = —120°
3 7 radians

5. The functions must be located in the second or

. . kg 37
third quadrant, since > = 6 = =
a) y

) | 5w
[fg e X
. //Z
I T
sin”! 5 ==
b)

_ l(' V4 3) .
sin ' — =
2 3

Advanced Functions Solutions Manual

¢) Cosine is negative in the second and third

6
x =5
6 f=—=—
cos . A
137 = (=5)" + y*
169 — 25 = y?
144 = y~
2=y
y 12
tanf = > = —
a) tan 3
- 13
b)secd = L —T’
X )
quadrants.
-5
cos '—==20and w + 2.0 =5.14
13
7.

sinf):ég

) 65
S 459
f = sin 6%

T~ 6 =2.00

8. a) 27 radians
b) 27 radians
¢) 7 radians
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9. The axis is 2 and the amplitude is 5. It is shifted
to the left §
2

. T
y = Ssm<x + “:) +2
3
10. The axis is —1 and the amplitude is 3. It is
%hlfted) units to the left. frisreflected-in-the

X-axis. The period islr,

)
o

y=+3 cos(é(x V%)) -1

11. a) reflection in the x-axis, vertical stretch by a
factor of 19, vertical translation 9 units down

b) horizontal compression by a factor of %,
horizontal translation -172— to the left

¢) vertical compression by a factor of 12, horizontal
translation g to the right, vertical translation

3 units up
d) reflection in the x-axis, reflection in the y-axis,
horizontal translation = to the right

12. a) %34
4
3,.
2_
N :
X
R Y
-4 ™ n 80 0
..2‘
_3..
_4-
_..5_
. 27 1207
b) period: o = e
(120m)(x) = 27
2
X ::EEE;;
1
YT

¢) The maximum occurs at

T T
N O R N

d) The minimum occurs at

6-28

13. a) 27 radians

b) 2 radians

¢) 7 radians

14. a) The amplitude represents the radius of the
circle in which the bumblebee is flying.

b} The period represents the time that the
bumblebee takes to fly one complete circle.

¢) The equation of the axis represents the height,
above the ground, of the centre of the circle in
which the bumblebee is flying.

d) Since the bumblebee is at it lowest point

at t = 0, the cosine function should be used to
represent the function.

15. The axis is at 15000 + 500 _ 7750. So, the
amplitude is 7750 — 500 = 7250. The period is

12 months.
27 W

k=2="
126

P(m) = 7250 cos (%m) + 7750

.. 180 + 120
16. The axis is at —————

is 150 — 120 = 30. It is shifted to the right g The

period is 1.2 seconds.

k:2_7r 577

12 3
/
5
h(t) -%mm(

w {

17. —%y

a)0 <x < 5w, 10m <x < 15w
b) 257 < x <757, 12.57 < x < 17.57w
)0 <x <257, 757 <x <1257

Chapter 6: Trigonometric Functions
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18. =%y

—4
1
:O’ = —
ayx X >
b) 1 5
X=—x==
8’ 8
o 3 7
x ==X ==
8 8

. .wa&_r_

19. a) period: x "3

3

T3

b) The period represents the time between one
beat of a person’s heart and the next beat.
¢) Fort = 0.2,

P(0.2) = 100 — 20 cos(%(@l))

P(0.2) = 102
Fort = 0.3,

P(0.3) = 100 - 20 cos(%(@.?a))

P(0.3) = 116
116 — 102 14
St S '}
0.3 —-0.2 0.1 140
d) Fort = 0.4,

P(0.4) = 100 - 20 cos(%z(().él))

P(0.4) = 119.6
Fort = (.6,

P(0.6) = 100 — 20 cos<%71(o.6)>

P(0.6) = 93.8
938 = 1196 _ =258 _
0.6 — 0.4 0.2
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1.y =secx

3
2.sin— = —1
sin 2
cosm = —1
Tar
tan— = —1
an 4
3
__._:_.1
csc >
sec2m =1
Tr
t— = —1
co 1

sec 27 has a different value.

5 T
Ly == Hx+= )+
3.y 12cos<3(x 6)) 100
S(5n =w
=~ H=—+ =)+
y 12COS<3<4 6>> 100

y = 108.5
4. Ford = 52 (Feb 21)
2
= — — - 10)} +
T(52) 20 COS<365(52 O)) 25
T(52) = 100
For d = 128 (May 8),

2
T(128) = =20 cos(%(l% - 10)) +25

T(128) = 33.9
339 - 100 239 o
28~ 52 - 6 0.31 °C per day

5
5. _871 radians;

Sw ) 180° R
~é—fad+aﬂs X <_..._> = 112.5
27 .

3— radians;

27 . 180° R
*3*‘ radians X (W—) = 120
37 .

-—5—‘ radians;

34 )

180° R
TP&GH&HSX (—) = 108

3
So, from smallest to largest, the angles are TW 110°,

S o 2
s 113°, and 3



=

=

[

4

)
TN

=

+
LA

[V, OO‘:!
N

£ >
4.8775 y
radians
2 — 4.8755 = 1.4077
tan(1.4077) = —Z»

y = 5tan (1.4077)
y = —30

T
.a) — —x | +
8§.a) -3 COS<121> 22
b) For r = 0 (sunrise)

T(0) = —3 cos(l‘lz(())) +22

T(0) = 19
Fort = 6,
T(6) = -3 ~(” 6) - 22
{(6) = —3cos 12( Yo+ 22
T(6) =22

— 1Q e
22_(1)) :%iO.S °C per hour

¢)ll=r=13
Fort = 11(5pm)

T(1l) = -3cos<—gm;> + 22

T(13) = ~3 cos<1(13)> +22

12
T{13) = 249
249 - 249 = 0 = ( °C per hour
13-11 2
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The correct answer is d}.

2.f(x)y=alx + 1)(x—1)(x — 4)
36=a(2+ 12~ 1)(2—4)
36 = a(3)(1)(—2)

36 = —6a
-6 =a
So, the equation is

fx) = =6(x + D(x — )(x —4)

= —6(x - )(x — 4)

Il

—6(x* —dx® — x + 4)

= —6x" + 24x* + 6x — 24
The correct answer is b).

3.2 -3x<x-5
2 —4x < =35
—dx < ~7
7

x> =
4

—2 is not greater than 7.
The correct answer is a).
4 -10=s3x+5=28

—15=3x=13

-5=x=1

The correct answer is ¢).

5. Using the graph
So, x > 2.

f(x) < g(x) from x = 2 1o =.

The correct answer is a).
6. h(t) = =5+ 3.5+ 10
—57 + 35+ 10> 10
—52+ 35t >10

4 g i TN - A
=5+ 35)>40

The critical points are + = O and ¢ = 0.7,

Test —1: (= 1)(=5(—1) + 35} >0
(—=1)(5 + 3.5) > 0 FALSE
Test 0.5: (0.5)(—5(0.5) + 3.5) >0

(0.5)

(=25 +3.5) > 0 TRUE

Test I: (1)(—=5(1) +3.5) >0
(1)(—=5 + 3.5) > 0 FALSE
So, the solution is te (0, 0.7).
The correct answer is b).
7. From the given information, the function must
have a maximum at x = 0 and a minimuam at x = 2.
Choice a) is not a possible set of zeros for the

1. Xt 3xY =4y’ 4+ 12x
3 -4’ = 12x =0
(' + 3x%) + (—4? - 12x) =0
X (x+3)—4dx(x +3)=0
(x +3)(x" —4x) =0
Y(x+3)(*—-4)=0
x(x +3)x +23(x—2)=0

x=0,-3-22

6-30

function. If the function has zeros only at x = 0 and
x = 1, then the function has t increase to {0, 0)
and turn there and begin to decrease. Sometime
before v = 1, the function must turn again and
increase to get back to the x-axis before x = 1.

But this contradicts the given information that the

function is decreasing for 0 < x < 2.

The

correct answer is a).

Chapter 6: Trigonometric Functions



8. flx) =2x" —4x* + 6x
F(—0.05) = 2(—0.05)" — 4(—0.05)* + 6(—0.05)
= —0.31025
Find the rate of change using the points (0, 0) and
{—0.05, —0.310 25).
me= (~031025 - 0) = (—0.05 - 0)
=62
So, the correct answer is ¢).
9. The graph has vertical asymptotes at x> — 3x = 0
r(x—=3)=0
x=0andx =3
Test v = — 1: The function will be (+)+ (—)}(—) = (+)
So, the function is positive to the left of zero.
Test x = 1: The function will be (+)+ {(+)(=) = ()
So, the function is negative between O and 3.
Test v = 4: The function will be (+)+ (+)(+) = (+)
So, the function is positive to the right of 3.
The function that matches this 1s ¢).
10. The function will have a horizontal asymptote
of ( and vertical asymptotes of x = =5 and x = 2.
So the correct answer is ¢).
11. To have an oblique asymptote, the degree of the
numerator must be greater than the degree of the
denominator by exactly |. Neither choice a) nor
choeice ¢) meets this condition. While it seems that
choice b) meets the condition, it does not because
the numerator can be factored and the function
(x + 3)(x = 3)
The correct answer is d).
12. Only functions a and b are undefined at x = 3
Examive the behaviour of these functions for
—2 <y <3
For choice a: Test v = O =(+)=(+)
For choice b: Testx = O + (=) (—)
So. choice a is positive for ~7 <x <
The correct answer is a).
i3 Cm@m a value that s very close to and to the
left of £
Try O .J‘)L):
(2~ 3(0.599) + (5(0.599) ~ 3y = —40.6
So. the function appumchm - %,
The correct answer is d).

i

=x + 3

simplified. g(x) =

wa N

14, S = 3y

33— 2v = 3v{x + 2)
2y == 3¢ b Ox
vt 4+ 8y — 3

il
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0=(0Cx—-1D{&x+3)
1
X = 3 and —3
The correct answer is ¢).
15. Any of the steps listed can be used to begin
solving the rational equation.
The correct answer is d).

2
16. 2x —3=—
X
2y —3 — g =
X
2x2 3x 2
-———=90
'Y X X
2x-—3x -2
=0
X
Cx + Dx = 2) <0
X
The correct answer is a).
6
17. x— 3>
r —3 P
6
v~ 3 - 5 >0
x(x—2) 3(x—-2) 6 -0
x—=2 X~ 2 x—2
' - 2x —3x+6 —6
>0
X —2
x* — Sx -0
x — 2
a3
x—2
The critical points are 0. 5 and 2.
Test —1: (=){(—=) = (=) = (—)FALSE
Test I: (+)}(—=)+ (=)= (+) TRUE
Test 3: (+)(—) =+ (+) = {—) FALSE

Test6: (+)(+) = (+ (+)TRU
So, the solution is (0, 7) and (35, =
The correct answer is d).
18. Let v = f(x).
Gla+ h)—- G(a) G(LOOL) = G(1)

h B 0.001
09985 — 1
o 0.001
= —15

So, the correct answer is b).
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s{a + h) — s{a) _ s(3.001) — s(3)

15. h 0.001
=7.009009 - (-7)
B 0.001
= -9
So, the correct answer is b).
S
P =3+
20. P 3(12) 2(3)
5
=2 4 6m

4
The correct answer is b).

2 w . s
1. 20(13%6) =3
135(1) _3m
180) 4

_27()(1) _ 3
180/ 2

Each of the pairs of angles are equivalent.
The correct answer is d).

7
22. tan"(z> = 1.0517

7—1.0517 = 2.09
The correct answer is ¢}.

23. Since sin 8 = —%, the value for r is 2 and the
value for a = V3.
So, find b.
(V3 + b2 =122
3+ b=
P=1
b=1

The angle is in either in the third or fourth quadrant
since the sine is negative.

So, cos # =} or —3.

tan @ = /3 when cos § = —3

or —V3 whencos § =}

The correct answer is a).

24.x = sin"' 0.5
T 57
=~ 4ixi —
X G at y;

The correct answer is d).

25. The graph shown has been stretched vertically
by a factor of 3, since the minimum is —4 and the
maximum is 2, a difference of 6. The graph has also
been compressed horizontally by a factor of 1, as
the period shown is only 7. The graph has been

6-32

translated down 1 unit. The equation for the graph
shown is y = 3sin (2x) — 1.

The correct answer is b).

26. The equation shows a horizontal stretch by a
factor of 3 and a horizontal translation of 27 units
to the left.

The correct answer is d).

27. The maximum height represented by choice b)
is41 — 5 = 36, not 41 as required.

The maximum height represented by choice ¢} is
18 — 23 = —5, not 41 as required.

The maximum height represented by choice d) is
41 — 36 = 5, not 41 as required.

The maximum height represented by choice a) is
18 + 23 = 41, as required. The minimum height
represented by choice aj) is —18 + 23 = 5,

as required.

The correct answer is a).

28. Using a graphing calculator, the function is
decreasing in both intervals which means the
instantaneous rate of change is negative in both
intervals.

The correct answer is €).

29. P(0) = 23.7 cos (%(o ~7) + zm)
= 3575
P(4) = 23.7 cos (%(4 —7) + 24.1)

=241
So, the rate of change is (24.1 — 3.575) + (4 ~ 0)
or 5.131 25.

P(1) = 23.7 cos (%(1 - 7)) + 241
=04

P(7) = 23.7 cos (%(0)) +24.1
=478

So, the rate of change is (47.8 — 0.4) =~ (7 — 1)
or7.9.

[N PR PP S
F£{i6) = 23.7 cos \—é(m - /))‘ + Zd.d

=24.1
So, the rate of change is (24.1 — 47.8) + (16 — 7)
or —2.63.

P(10) = 237 cos (365(10 -~ 7)) +24.1
=241

Chapter 6: Trigonometric Functions



5%18)=237cos(g08-70-+241

= 44,62
So, the rate of change is (44.62 — 24.1) + (18 — 10)
or 2.565.
The correct answer is b).
30. a) length = 50 — 2x

width = 40 — 2x
height = x
V = lwh

= (50 — 2x)(40 — 2x)x
b) 6000 = (50 — 2x)(40 — 2x)x
6000 = (2000 — 80x — 100x + 4x?)x
6000 = 2000x — 180x* + 4x°
0 = 4x? — 180x* + 2000x — 6000
0 = x* — 45x + 500x — 1500
The possible reasonable solutions are + 1, * 2,
£3, x4 ®£5 =6 £10, =12, £ 15, = 20.
Use synthetic division to determine the solution.

3] 1 —45 500  — 1500
\ 30— 126 1122
1 —42 374 - 378
50 1 —45 500 - 1500
1 5 =200 1500
1 —40 300 0
So, x = 5.

Now solve x* — 40x + 300 = 0
(x = 10)(x —30) =0
So, x = 10 or 30, but 30 does not make sense in the
context of the problem. So, x = 5 or 10.
¢) Using a graphing calculator, find the relative
maximum value. It occurs when v = 7.4 cm.
d) Using a graphing calculator, the range is
3 < x <128,
3l.a)f(x):0=x"—-5x+6
0= (x—3)(x—2)

x=3andx =2
glx):0=x-3

x =3
fx) 2 —5x+6
g(x)) 7 x-3

The function is undefined at x = 3. so the zero is
x = 2.

-

gl) y_ __¥~3
flx)' " X -5c+6

The function is undefined at 2 and 3. so there are no
Zeros.
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fx),

b) o) hole at x = 3, no asymptotes

8(x), _3 = -
) hole at x = 3, asymptotes atx = 2 and y = 0
¢) tangentatx = 1

_____f(x) y=x-2

g(x)

g(xx)): _

f(x)

32. a) Vertical compressions and stretches do not
affect location of zeros; maximum and minimum
values are multiplied by the scale factor, but locations
are unchanged; instantaneous rates of change

are multiplied by the scale factor; Horizontal
compressions and stretches move locations of zeros,
maximums, and minimums toward or away from
the y-axis by the reciprocal of the scale factor;
instantaneous rates of change are multiplied by the
reciprocal of scale factor; Vertical translations
change location of zeros or remove them; maximum
and minimum values are increased or decreased by
the amount of the translation, but locations are
unchanged; instantaneous rates of change are
unchanged; Horizontal translations move location of
zeros by the same amount as the translation;
maximum and minimum values are unchanged, but
locations are moved by the same amount as the
translation; instantaneous rates of change are
unchanged, but locations are moved by the same
amount as the translation.

b) y = cos x: Vertical compressions and stretches
do not affect location of zeros; maximum and
minimum values are multiplied by the scale factor,
but locations are unchanged: instantaneous rates of
change are multiplied by the scale factor: Horizontal
compressions and stretches move locations of zeros,
maximums, and minimums toward or away from
the v-axis by the reciprocal of the scale factor;
instantaneous rates of change are multiplied by the
reciprocal of scale factor; Vertical translations
change location of zeros or remove them; maximum
and minimum values are increased or decreased by
the amount of the translation, but locations are
unchanged: instantaneous rates of change are
unchanged; Horizontal translations move location
of zeros by the same amount as the translation:
maximum and minimum values are unchanged, but
locations are moved by the same amount as the
translation; instantaneous rates of change are
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unchanged, but locations are moved by the same
amount as the translation.

y = tan x: Vertical compressions and stretches do
not affect location of zeros; instantaneous rates of
change are multiplied by the scale factor;
Horizontal compressions and stretches move
locations of zeros toward or away from the y-axis
by the reciprocal of the scale factor; instantaneous

6-34

rates of change are multiplied by the reciprocal of
scale factor; Vertical translations change location
of zeros or remove them; instantaneous rates of
change are unchanged; Horizontal translations
move location of zeros by the same amount as the
translation; instantaneous rates of change are
unchanged, but locations are moved by the same
amount as the translation.
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